Planck's quantum theory (1900) .-This forms the foundation for all modern physics. It establishes that energy as well as matter (atoms, electrons, &c.) , cannot be divided infinitely. Radiant energy is always present in certain limited " quanta " which are multiples of the Planck-Einstein constant (6-55 x 10 -27 erg. sec.) and the wave number for the radiation.
As anywhere in the spectrum the wave-length is inversely proportional to the wave number, the magnitude of the energy quantum will vary in inverse proportion to the wave-length, so that the energy quantum is far greater with short-waved rays than with long-waved. For instance, the energy quantum for radium gamma rays is about 200,000 times greater than the energy quantum in ultra-violet-light rays of a wave-length of 3,000 Angstrom.
From a biological standpoint these facts are highly instructive. It is obvious that irradiation of the cells with ultra-violet-light rays must differ as much from an irradiation with gamma rays, as the bombardment of a building with grains of sand would differ from a bombardment with paving stones. Even though the grains of sand come in greater numbers and more closely together, they will not for that reason be able to shatter the fundamental construction of the building.
In some cases the best therapeutic results are obtained with a radiation which physically and biologically is relatively mild-as the effect obtained with the ultra-violet rays-while in other cases it is preferable to employ a stronger radiation, as obtained with various forms of radium emanation and with X-rays.
As yet we know very little about the biological processes that are produced in the cells by various forms of irradiation, but our knowledge of the physical action of the rays will tell us that, a priori, we must be prepared to find a deep and radical difference.
The corpuscular emission from radium, the a and 8 rays, which we are to discuss in particular to-night, as well as the gamma rays and the X-rays (which are identical with the gamma rays) are able to produce changes in all the atoms they strike, by deflecting the electrons from their course, and by setting up far-reaching ionizing processes.
The modern conceptions of the structure of atoms (Niels Bohr) imply that by far the greater part of the mass of the atom is concentrated in a very small nucleus of high specific gravity. It is Dow more than twenty years ago since your famous countryman, Lord Rutherford, was able to calculate how immensely heavy these atomic nuclei must be. One cubic centimetre of nuclei would weigh several million tons. A number of electrons are moving around each nucleus at distances that are very great in proportion to the size of the electrons and the nucleus. The particular number of electrons is determined by the place of the atom in the periodic system.
By extraneous agencies-for instance, by irradiation with a particles (i.e. atomic nuclei of helium with positive charge, or by radiation with /3 particles, electrons with negative charge)-one or several electrons may be removed from the atom, which then ceases to be neutral. Ionization takes place that may extend widely to neighbouring atoms.
The biological effect of the X-rays and gamma rays upon the cell is to be interpreted as an electronic effect of similar nature to the direct effect obtained by irradiation with ,B rays. The difference is merely this: X-rays and gamma rays produce an intermediate condition which involves the possibility of distributing the electron effect in a quite different manner in the tissue from that which is effected by direct irradiation with electrons. When the ray quantum hits an electron in an atom, the electron is torn loose and hurled away to other atoms where, on its way, it produces similar changes. So, in this manner, even a single ray quantum may produce an extensive secondary effect in the tissue. As to the distribution of the effect in the cell, it is found that both the nucleus and the protoplasm are affected, but the effect upon the nucleus appears to decide the further fate of the cell. There is a surprisingly great difference in the radiosensibility of different types of cells. Young growing cells are affected far more strongly than are older, fully-developed, pathological cell-forms, and therefore, as a rule, they react more vigorously than normal cells-a fact which is of great significance in the employment of irradiation in therapy. But, even though the cell is not killed by the radiation, it may suffer permanent damage--for instance, it may lose the power of reproduction, or the ability to form healthy new cells. Such damage to the power of normal reproduction explains in part the long latent period observed in the effect of many X-ray injuries, extending sometimes for years.
Opinions differ as to whether all radiation effect is in principle injurious to the cell, or whether a minimal amount of radiation may have a stimulating effect upon it. At any rate, the cell appears to be able to recover from mild radiation effects without having suffered any permanent damage.
In irradiation with ultra-violet light the acting ray quanta are exceedingly small in comparison with the acting ray quanta in X-radiation. With the ultra-violet rays it is hardly conceivable that energy-rich ionizin'g processes are included and extend to numerous other atoms. Probably the energy vanishes when the light rays meet the molecules, as in photo-chemical processes. As an illustration of this point, I may cite the transformation of ergosterol into vitamin D which takes place when ergosterol is exposed to ultra-violet light. Presumably the favourable effect of ultra-violet irradiation in the treatment of rickets is due to this process.
As yet we know too little to explain how this strong radiation effect on the cells is able to check the morbid processes and effect a cure. One principal point is certain, however-the effect asserts itself more strongly upon the pathological cells than upon the normal cells.
Now an important question suggests itself to the practising dermatologist: Is it possible to utilize the very intensive radiation from X-ray and radium in such a way that this effect is limited chiefly to the most external, superficial layer of the skin. which is diseased, and avoid an unnecessary and hence undesirable-and possibly injurious-deep effect ?
In roentgenology this problem has been solved in some degree by Bucky's construction of an apparatus for production of extremely soft X-rays-the so-called border rays, or Bucky rays. But the solution is not altogether ideal, nor can it be so, because it is not possible in this way to produce homogeneous radiation. It will always be a mixture of rays, and if one wishes to give large doses of soft rays, one cannot altogether avoid some effect of hard rays in addition. As you all know, it is possible by means of a suitable filter to remove the soft rays from a mixture of rays, but not the hard rays.
From the diagram [not reproduced] you will see that at least 20% of the rays penetrate down into the subcutis. Let us now direct our attention to the soft rays available in radium emanation: alpha and beta rays. Their biological effect is of the same nature as the X-rays and the gamma rays, namely, an electron effect. They are extremely active. The alpha rays alone represent over 80% of the total radiation energy of radium, and the beta rays about 10%.
As you know, most radio-active elements give off three different kinds of rays: alpha (a) rays, consisting of positively charged helium nuclei (weight: 6.34 X 10-27), beta (O3) rays, negatively charged electrons (weight: 1/8,000 of an alpha particle), and gamma (y) rays, which are identical with very hard X-rays.
From what had been said it is evident that both alpha and beta rays are "corpuscular."
Alpha rays.-The alpha rays represent an extraordinarily energetic source of radiation, but they penetrate only a very little way into the skin on account of the size of the particles, and especially on account of their great electrical charge. Neutrons of similar size, hydrogen nuclei, but without any electrical charge, can thus very easily penetrate clean through the human body.
As a rays are able to penetrate only a thick piece of paper, they would a priori seem very suitable for treatment of skin lesions. Some a rays are absorbed by a film of aluminium no thicker than one-hundredth of a millimetre, while other a rays are able to pass through 0 03 mm. aluminium. In practice, however, a rays can be utilized only in one form, namely, as a solution of thorium X in propyl alcohol or in ointment. The anatomico-pathological changes observed in skin that has been exposed to strong irradiation with a rays resemble very much the changes produced by X-rays.
They consist of progressive degeneration of the entire epithelium. The climax is reached after a fortnight, when the new formation commences. Cell changes occur also in the corium but are far less pronounced. At the same time the cells increase in number, and a younger cell-type appears in the meantime. These cell changes are accompanied by a transitory inflammatory infiltration round the vessels.
By a thorough process of precipitation it is possible to separate thorium X frobm its mother-substances, radiothor and mesothorium. In practice, however, thorium X can be obtained as a finished preparation only from one manufacturerthorium X Degea (Auergesellschaft, Berlin). Alpha particles can scarcely penetrate a thin piece of cardboard. Yet, if an alcoholic solution of thorium X is applied to on the skin, it is possible to obtain a histologically demonstrable effect to a depth of about 0O2 to 03 mm. (Acta Radiologica, 1923, vol. ii, p. 448) . The explanation may be that the alcohol through friction is forced some way into the pores of the skin, and more probably, that the first disintegration product of thorium X, like that of radium, is an indifferent gas-thorium emanation-which is able to diffuse further into the skin before it is transformed into the next state-thorium A, which is isotopic with polonium-a solid substance. This substance and its disintegration products, thorium B and thorium C, furnish the rest-that is, the main part-of the thorium X radiation. The thorium emanation can hardly diffuse very deeply as its halving time is only about 1 min. (54'5 sec.). A small portion of the emanation which might conceivably reach the vascular layer will, in part, diffuse into the blood, and be carried away in it. The application of thorium solution is made by mjeans of a little metal rod which, unlike a wooden applicator, does not absorb any of the costly fluid; the rod is enveloped by a very thin layer of absorbent cotton. Economy must be exercised in the application. A thin layer of the alcoholic solution is painted on the skin two or three times--at an interval of two minutes, so that it may dry before the next application. The application must be limited strictly to that area of the skin which is to be treated. Drops running down over the skin may leave stigmata, and altogether unnecessary streaks of pigment.
It is essential before the application as far as possible to remove all scales and crusts, and also ointment, by means of a little benzine. When the alcohol has dried completely, the skin is covered with a thin layer of collodium, unless it is desirable for cosmetic reasons to dispense with this measure, but that detracts from the effect. We are also recommended to use ointments containing thorium X, but in our experience this mode of application is not so effective.
It is obvious that by this procedure it is not possible to attain exact dosage, but the treatment involves no risk whatever, and the dosage is not of such fundamental importance as, for instance, in treatment with X-rays. WVithin twenty-four to forty-eight hours after the application there appears a marked erythema which subsides within about eight days, often leaving pigmentation that may be rather intense in some cases. This reaction is unavoidable and it is wise to tell the patients of it beforehand, especially as it may last for a considerable length of time. The pigmentation usually appears on those parts of the skin which are not ordinarilv exposed to light. The hand and face are therefore not so often affected in this way.
From what has been said it is evident that the action, though powerful, is quite superficial, so that it can be designated as " safe," in contrast to all other forms of X-ray and radium treatment. For seiveral years now we have treated refractory plaques of psoriasis as many as twenty times without doing any damage to the skin. Only in two cases have I seen a very slight dilatation of the most superficial bloodvessels-in both instances on the inner surface of the prepuce, where the remedy is to some extent enclosed, and where the effect will therefore be particularly pronounced. Perhaps the dose was somewhat excessive in these cases.
Thorium X is the remedy par excellence for the treatment of psoriasis in patients who cannot or will not submit to treatment with ointment, or in cases in which ointment is ineffective. The more superficial forms of psoriasis usually yield to one or a few applications given at intervals of eight days. In the treatment of psoriasis of the scalp thorium X is an excellent remedy, often the only one that is effective. In such cases I make extensive use of this remedy, after thorough removal of scales and crusts. An otherwise refractory condition of psoriasis will usually yield to this treatment.
With regard to psoriasis on the body, it is particularly the small-spotted guttate generalized eruption that is amenable to treatment with thorium X. This treatment is easy to apply and is clean and effective. Its only drawback is that it may leave light pigmentation. In cases of markedly infiltrated massive plaques it sometimes fails, and then one will have to resort to:3 rays, as I shall mention a little later. In psoriasis of the nails, no great improvement is to be expected.
Many forms of dry scaling eczema yield to treatment with thorium X, and the remedy is particularly effective in relieving itching. Hence it is of great value in the treatment of itching stages of eczema in the meatus of the ear, and particularly in the treatment of pruritus ani and persistent neurodermitis of the neck in women, which appears to be on the increase and concerning the cause of which we know so little. The remedy has also been recommended for the treatment of lupus erythematosus, but it has not given very good results in our cases. We use it only in the early, finely exfoliating facial cases.
Beta r-ays.-Like the a rays, /3 rays are corpuscular too. They consist of irradiation of tiny particles, negatively charged electrons, the weight of which is only 1/8,000 of the weight of the alpha particle. The smaller size of the particles and their electronegative charge enable them to penetrate the layers of the skin much better than the a rays, though not deeper than a few millimetres, and this applies even to the hardest ,B rays. With / rays the absorption is roughly proportional to the specific gravity of the filter.
In the older radium preparations, where the radium was embedded in a lacquer substance, the /3 rays could still be utilized to a considerable extent, but the a rays hardly at all. In the more modern preparations on the other hand, where the radium is enclosed in solid metal tubes or capsules, the /3 radiation is much reduced. It is, however, possible to obtain a very powerful /3 radiation from the small thin glass tubes with radium emanation which are used for insertion in tumours (radium puncture).
The 13 rays are of much more importance to the dermatologist than to the radiologist. These rays are most valuable in the treatment of skin lesions, because they have a very powerful and yet relatively superficial effect on the skin. In proceeding to discuss a form of treatment with radium emanation in wax plates I desire to mention that Dr. I. C. Jacobsen, the physicist in the Finsen Institute and Radium Station, has measured the absorption curve.
Unfortunately the production of a suitable preparation for /3 radiation is associated with certain technical difficulties. The only serviceable source of ,8 radiation is radium emanation. It loses half of its original strength in about four days, and can therefore be used once only. Almost all the radio-active energy of radium is available in its emanation. The first experiments on its production were made in 1924 with absorption of /3 radiation by bone-black placed on adhesive tape, and then came experiments with suspenision of radium emanation in vaseline, but vaseline was soon found to be rather unsuitable for this purpose. The dosage of the radiation depends entirely upon the thickness of the layer, and a vehicle as soft as vaseline will render control in this respect impracticable. Dr. Jacobsen, with whom we have collaborated, has suspended the emanation in melted wax, from which, on cooling, thin plates measuring about 2 mm. in thickness are obtained. In the production of these plates a part of the emanation is lost, yet in Boggild's procedure about 65% of the radio-activity in the emanation tubes employed for the manufacturing of these plates (the tubes are crushed within the melted mass of wax) is still preserved in the wax.
Technically, this plate-form is almost ideal. It gives a perfectly uniform effect, and avoids the chequered patterns produced by the old-fashioned, square lacquer plates. The wax plates may be cut in exactly the shape and size required by the skin area which is to be treated; and it is also very easy to adjust several smaller pieces for the treatment of larger plaques. The plates are fixed by means of adhesive tape, or, if such tape is not tolerated by the hypersensitive skin, they are fixed by means of a zinc gelatine or gauze bandage.
MIeasurements have shown that the distribution of emanation in the plates is very uniform and, further that the loss of radio-activity is limited to natural weakening by decomposition-amounting to about 16% in twenty-four hours. To this must be added about 10% loss due to evaporation. Each plate is tested after its production, and when the strength is known, the dose can be gauged with great accuracy by varying the radiation time. In practice, the plate is applied for ten to thirty hours and removed by the patient as instructed by his physician.
The strength of the plates is given in millicuries per square centimetre, and varies from 0-02 to 041 mc. per sq. cm. It is easy for the physician to calculate the dose when he knows how many millicurie-hours he desires to employ. It should be remembered that here, as in all other forms of radiotherapy, there is a time factor to be considered; one millicurie-hour given in six hours produces a distinctly stronger effect than if the same dose is distributed over twenty-four hours. In protracted application it is essential to take into considaration the fall of the radioactivity-i.e. a loss of about 25% per twenty-four hours. A very common dose is 0 7 to 0 9 mc. per sq. cm. The effect of these emanation plates upon the skin is due predominantly to the /3 radiation. A little a radiation plays but a small part, as the a rays are absorbed almost completely in the wax, and the administration of the emanation in a solid vehicle will further eliminate the factors that I have mentioned before-diffusion and imbibition, which are the conditions for moderate depth effect. The y rays contained in the wax plates are insignificant so far as the skin is concerned, and their energy constitutes only a minor part of the total energy of the radium emanation. Their effect on the skin is further reduced by the fact that absorption is the condition sine qua non for the action of all rays, and the y rays are so hard that only a very small percentage of them are absorbed by the skin. The curve [presented on the screen] showed that 75% of the radiation is absorbed in the upper 2 mm. of the skin, and, what is very important, the remaining radiation consists to a large extent of very hard y rays that will penetrate deeply into the skin. Here they will spread widely, and the slight absorption in each layer of the tissue will reduce the biological effect to a minimum.
In using radium emanation we have to consider the question of the risk of an injurious effect on the skin. It is true that the ultra-violet rays may produce a marked irritation of the skin, but this is quite superficial and transitory. Only by very strong concentration of the light, as employed in the Finsen treatment, is it possible to produce a little deeper des-truction-which is purposive in this form of therapy. It leaves merely a superficial, and, as a rule, only a slightly disfiguring scar-formation in the skin. In exceptional cases this scar may give rise to a hypertrophy of the connective tissue in the scar (" keloid"). This may be disfiguring, but is by no means dangerous.
The employment of thorium X may give rise to a temporary hyperpigmentation, but this is of no serious significance.
When we turn to radium emanation therapy in the form I have mentioned here, however, the matter is not quite so simple. There is no doubt that overdosage may cause permanent damage to the skin, with a distinct though superficial atrophy, dilatation of the blood-vessels, &c. Such effects were noted in some of the early cases, but now they rarely occur. Serious injuries, with persistent ulceration, such as may result from X-ray burns, have never been observed in our cases. For the sake of illustration I -will briefly cite the following case history:
A young civil engineer, suffering from neurodermitis, was treated with the applicatiQn of a plate, and he was told to remove it after twenty hours-a dose equivalent of 1 mc. hour per sq. cm. When he returned, eight days later, the plate was still in position, because, as he said, hethought it was better to give the lesion a thorough treatment. Thus there had been an overdosage amounting to about 400%. On removing the plate we found acute erythema and swelling of the skin with exudation, &c. The reaction subsided within a few weeks under ordinary treatment with compresses, and the very refractory neurodermitis had disappeared for ever. He returned several times for re-examination, but now, three years after the overdosage, there is only a moderate atrophy of the skin and the growth of the hair is well preserved.
The treatment with emanation wax plates is therefore a very easy, effective, and safe form of therapy.
I have now used these emanation plates for about ten years as a routine means of treatment in my private practice as well as in the Finsen Institute, and their employment has been extending steadily. We now use it in most cases of psoriasis, when the condition is severe, with infiltration, &c. In these cases we usually give a dose of about 07 mc.-h. The lesion usually disappears after one or two applications. In psoriasis of the nails it is practically the only remedy which may be expected to produce a favourable result. But in these cases the dose must be somewhat greater, about 1 mc.-h.
Further, in chronic netrodermitis it is far superior to all other methods. Even old plaques that have persisted for from ten to twenty years, with marked infiltration and distressing itching, subside after one or two irradiations. In this field, perhaps, I have obtained the most strikingly successful results. A similar result may be obtained in chronic infiltrated plaques of eczema, in particular the exfoliating plaques of long standing. A favourable effect may also he obtained in the extremely refractory cases of keratotic eczema of the palms and soles, even though in this condition, unfortunately, the favourable effect is often merely temporary.
We have also employed this treatment in a number of cases of nwvus flanmmeus, and have achieved some degree of decolorization. Complete involution is not obtained, however, and I wish to emphasize in particular, the risk of late dilatation of the blood-vessels. In these cases the dose should be relatively small-05 mc.-h. and the treatment may be repeated six or eight times. In cases of keloid or hypertrophic scars, I consider that the treatment, with radium emanation in wax plates is superior to any other. In such cases it is necessary to repeat the treatment several times at intervals of four or five weeks. This may be done safely, and no harm has ever been known to result. In some cases, with enormous tumour-like keloids, we bave first excised the keloid and then, immediately after the operation, we have treated the operation wound with emanation. In some cases the result has been excellent, in others only moderate.
In cases of multiple warts on the hands I have sometimes obtained very good results by application of radium emanation plates a few times in succession.
When giving this treatment, just as when using thorium X, it is wise to warn the patient that some pigmentation may be left; pigmentation is, however, less frequent after application of the emanation plates than after thorium X.
Further, it is too risky to employ this treatment an unlimited number of times in any given case. There should always be an interval of three or four weeks between each application, and I hesitate to apply this treatment to the same area more than three or four times, except for keloids.
In some cases we have seen the treatment followed by the development of slight dilatation of the superficial blood-vessels and a small degree of atrophy, but I have never in any instance seen any severe after-effect similar to X-ray burns, even though we have used thousands of emanation plates during the last ten years. The more familiar I become with this treatment the more I appreciate it, and hence I use it more and more.
Discu8sion.-Dr. W. GRIFFITH asked whether any precaution was necessary in handling these plates. Was there any danger of the person treating the case getting atrophy on his own fingers in cutting and adjusting the portion of plate to the lesion ?
Dr. LOMnHOLT said that such danger was very slight. In his private practice he had a nurse who had been handling the plates twice weekly, for seven or eight years, and she had never had the slightest sign of any disease on her fingers. She had of course always to wash her hands afterwards, for the purpose of removing the wax. The gamiuma rays used in the plate were distributed; they were not very concentrated. He agreed that those who handled these plates should be warned as to the possibility of danger if they were careless.
Dr. J. Al. H. MIAcLEOD asked how long the plates remained radio-active. Also, could a plate be used more than once ? Was the plate applied directly to the patch ?
Dr. LOMHOLT replied that it was possible to use the plates more than once, especially if they were strong, but it was necessary to allow for a decrease in strength of 25% per day, which meant that in three days their potency was quite low. He had sent plates to Persia, and those he had had to strongly overdose. The question of cost arose. The price of radium salt was now quickly falling, and it was possible to produce plates such as had been exhibited for the price of ten shillings each, without allowing for any profit. He did not advocate making plates with an efficiency of more than 30 hours. From the aesthetic point of view it was not desirable to use a plate more than once. Nothing was placed between the plate and the lesion to be treated. Scales should be removed beforehand. Plates were seldom used for weeping surfaces; but it would only be like applying a gelatine bandage to a weeping surface. Occasional hvpersensitiveness had been found to be due to resin in the wax. Dr. ARTHUR WHITFIELD asked whether it was possible to treat hypertrichosis by this method without an overdose. Dr. LOMHOLT replied in the negative. He had definitely ceased to treat women with hypertrichosis by means of rays.
Dr. A. AT. H. GRAY said he gathered that Dr. Lomholt used both alpha and beta radiations for treating conditions like neuroderinatitis. The effect of treatment, he assumed, was the same, whether thorium X solution was used, or one of the plaques which had been described. He asked which Dr. Lomholt preferred.
Dr. LOMHOLT stated that where hair was present he preferred the thorium X solution as it Nvas more convenient and less obnoxious than wax, in those situations. Quite 70 cases of neurodermatitis (in the nape of the neck, &c.) had been cured in this way. For patches of neurodermatitis in other situations he preferred the plates, which were definitely stronger in action.
Dr. S. E. DORE asked whether the chance of recurrence of psoriasis was lessened or increased when this treatment was carried out.
Dr. LOMHOLT replied that the chance was about the same as in ordinary treatment. Thorough treatment seemed to minimize the chances of recurrence.
Dr. I. MUENDE asked whether it was necessary to take precautions in heating the wax, and whether this heating had any effect on the radium emanation. Dr. LOMHOLT said that the mixture burned very easily. Its melting-point was 60°-70°C. When it had been cooled in the plate one must allow for a loss of 300o due to the manufacturing.
Dealing with other questions, Dr. Lomholt said that it was difficult to obtain a large amount of radium D. He had worked on it, but only for experimental purposes. It was an isotope of lead, and he had used it to investigate the circulation of lead in the body. For therapeutic purposes it was necessary to have an enormous amount, because the halving time of radium D was sixteen years, so there was only a small daily output. In treating port-wine lesions it was essential that the effect produced should be equal all over; there must not be a chessboard appearance. He had had successful results with the wax plates in question, but this treatment had only been carried on for four or five years, and he would like to wait another five or six years before saying anything definite about it.
WVith regard to the cost of the thorium X solution, the Germans charged about £1 for 10,000 electrostatic units. If sent from Berlin to England by air, it would lose 20% on the journey. Two c.c. would suffice to cover a not very extensive psoriasis of the scalp.
With regard to the wax used, a kilo could be bought for 4s. or 5s. The materials must be crushed and heated to 80°C. As soon as it was between the wood plates it cooled quickly. For an ordinary plate he used about 0 30 millicurie per square cm. One needed twenty millicuries, and such a plate would cost about 10s. The present price of radium was about 35 dollars per mgm. 
